and M167 idiotype (Asp95H-Ala96H) were also induced in Xid mice. The M603-like and M167-like antibodies bound to and protected against S. pneumoniae even though they exhibited K a s for PC which were lower than T15 idiotype ⍣ antibodies. These data demonstrate that small changes in the V-D junctional sequence of the T15 (V H 1) heavy chain alter L chain usage and the structure of the PC binding site so that the PC expressed on S. pneumoniae is no longer recognized.
Introduction
CBA/N mice have a point mutation in the pleckstrin homology occal capsular polysaccharides (8,9) makes Xid mice highly susceptible to infection with S. pneumoniae (10) (11) (12) . Previous domain of their Bruton's tyrosine kinase (btk) gene (1,2). The expression of this mutant btk results in an X-linked immune studies from our laboratory suggested that PC-specific B cells are either clonally deleted via an antigen-specific, receptordefect (Xid) characterized by an inability to respond to thymusindependent (TI) type 2 antigens (3) . Mice expressing the xid mediated process (13), or they fail to be positively selected from the bone marrow into the peripheral lymphoid tissues of gene also fail to respond to phosphocholine (PC) following immunization with diazophenylphosphocholine (DPPC) conXid mice (14). However, we have recently demonstrated (15,16) that T15 idiotype -, PC-specific B cells can be rescued jugated to thymus-dependent (TD) carriers (4, 5) . Inasmuch as PC is one of the immunodominant epitopes on Streptococcus in Xid mice following immunization with a novel TD form of PC, 6-(O-phosphocholine) hydroxyhexanoate (EPC), conjugpneumoniae (6, 7) , the failure to respond to PC or to pneumoc-AL). Bacteria were prepared, stained and analyzed by flow GTCTATTTCT-3Ј; (iii) V κ 8, 5-TCCTCATCTCCTTGCTGTTCTG-3Ј; and (iv) V κ 24, 5Ј-CTCTCTTCAGTTCCTGGGGGTGC-3Ј. cytometry as previously described (16) . The S. pneumoniae binding index for purified anti-PC antibodies was determined
The antisense primer 5Ј-GAAGTTGTTCAAGAAGCACACGA-CTGAGGC-3Ј, originated in C κ . by staining 2ϫ10 6 bacteria with 1 µg of anti-PC antibody or of an isotype-matched non-PC-binding control. Bacteria were Subcloning of PCR products washed twice with 1.5 ml of HBSS containing 0.1% BSA and then stained with 1 µg of FITC-conjugated goat anti-mouse
The PCR amplified fragments were size-purified from agarose Ig (Fisher Biotech, Silver Spring, MD). The fluorescence gels using spin columns (Promega, Madison, WI), ligated into intensity of the isotype control was adjusted so that Ͻ1% of a pCRII vector and then transformed into INVaFЈ competent the cells were above the 10 1 fluorescence level. The binding cells according to the manufacturer's instructions (Invitrogen, index was then calculated as the ratio of the mean fluoresSan Diego, CA). Plasmids containing PCR inserts were isolcence intensity (MFI) of anti-PC antibody over the MFI of the ated and purified using a plasmid DNA purification kit isotype control.
(Promega), according to the manufacturer's specifications.
Passive protection assay Sequence analysis Affinity purified antibody (100 µg) was injected i.p. along with DNA sequences were determined in both directions from S. pneumoniae (10 1 to 10 4 colony forming units) into naive either purified PCR fragments or pCRII inserts by the dideoxy C.CBA/N recipients. Survival curves were plotted and LD 50 chain termination method (27) . To minimize possible ambiguitvalues calculated to determine protective efficacy of the ies in sequence determination on gels or misincorporations antibody treatment.
introduced by PCR, three PCR templates from three different cDNA preparations of each hybridoma were sequenced in Isolation of RNA separate experiments and each sequence repeated at least Total cellular RNA was isolated from hybridomas by a singletwice. The sequences were aligned with germ-line H or L step method (26) . In brief, cells were lysed with RNA STATchain genes using the program manual for the GCG package, 60 (TEL-TEST B, Friendswood, TX) and cell lysates were version 8, September 1994 (Genetics Computer Group, 575 centrifuged after treatment with chloroform. RNA present in the Scientific Drive, Madison, WI 53711). Amino acid sequences aqueous phase was precipitated with isopropanol, washed, predicted from the nucleic acid sequences were numbered dried, dissolved in RNase-free water and then quantified by according to Kabat (28) . spectrophotometry at 260 nm.
Analysis of mutations cDNA preparation and RT-PCR The binomial probability model described by Shlomchik First-strand cDNA synthesis was performed using 1.0 µg RNA et al. (29) was used to determine whether the number of in a final volume of 20 µl. The reaction mixture contained 2.5 replacement (R) mutations in the CDR was significantly µM oligo (dT) primer, 50 units of Moloney's mouse leukemia higher than the number expected randomly. For the V H virus reverse transcriptase (Perkin Elmer, Branchburg, NJ), gene, only CDR 1 and 2 were considered using a P value 50 mM KCl, 10 mM Tris-HCl, pH 8.3, 5 mM MgCl 2 , 20 U of 0.19 for the expected mutations in these regions. For RNase inhibitor, and 1.0 mM each of dGTP, dCTP, dATP and the L chains, both V and J segments were considered, dTTP (dNTPs). Reactions were carried out for 30 min at 42°C but junctional changes in 95L were not counted. A P value and then for 10 min at 65°C. The resulting cDNAs were used of 0.21 was used for L chain analysis based on 0.28 as as templates for amplification of rearranged heavy or light the size of the CDR and 0.75 as the fraction of R-type chain genes. PCR reactions contained 0.2 mM dNTPs, 2.5 U/ mutations. In codons containing two or more mutations, reaction Taq polymerase (Perkin Elmer), 0.25 µM specific where the order of the mutations can not be determined, primers and 20 µl of cDNA templates in a final volume of 100 some mutations could be either R or silent (S). In these µl. For amplification of V H genes, the reactions were subjected situations i.e. the L chains of 24-1B10, 24-1B11 and 32-6-to 30 cycles consisting of: 94°C for 30 s, 56°C for 45 s and 2, two sets of statistical analysis were performed. 72°C for 50 s. For the amplification of V L genes, the reactions were subjected to 30 cycles consisting of: 94°C for 45 s, Results 65°C for 45 s and 72°C for 50 s. All PCR reactions were subjected to denaturation at 94°C for 2 min prior to the first Isotype and idiotype analysis of hybridoma anti-PC antibodcycle and to a final extension at 72°C for 7 min following the ies from C.CBA/N mice last cycle.
The oligonucleotides used to amplify H and L chain genes Twelve hybridomas from EPC-KLH-immune C.CBA/N mice were characterized by ELISA for H and L chain isotype, H from cDNA were as follows. For the rearranged V H 1 gene, 5Ј-ATGAAGTTGTGGTTAAACTGGG-3Ј was used as the chain and H ϩ L combinatorial idiotypes. The data in Table  1 show that all the Xid anti-PC hybridomas produced IgGκ 5Ј-sense primer in combination with one of the following 3Ј-antisense primers, 5Ј-CTGGCTCAGGGAAATAACCCTantibodies with equal numbers of γ1, γ2a and γ2b being represented. All hybridoma antibodies expressed the V H 1 TGACCA-3Ј(C γ 1), 5Ј-AGGGGGCCAGTGGGATAGACCGAT-3Ј(C γ 2a), or 5Ј-AACCAGTTGATATCTCCACACCCAGGidiotype detected by clone T68.3 (23) , which recognizes the T15 (V1) H chain. However, only a single hybridoma 3Ј(C γ 2b). The V κ sense primers were: (i) V κ -1C, 5Ј-CTTGAAGT-TGCCTGTTAGGCTGTT-3Ј; (ii) V κ 22, 5Ј-GTATATATGTTTGTT-(27-7C3) expressed the combinatorial T15 idiotype produced Table 2 ). The predominant V κ gene used in the Xid secretor and that antibody is released into the supernatant hybridomas was the V κ 1-C gene which has recombined to only when cells die. A second hybridoma, 31-34-2, a J κ 1 gene segment in all but 1 κ1C hybridoma, 24-2B2.4, expressed the V H 1κ24-dependent combinatorial M167
where it is associated with J κ 5 ( Fig. 2 and Table 2 ). All idiotype detected by the binding-site-specific 28-5-15 antithe Vκ1-C-expressing hybridomas except 32-11-1 have an body and the cross-reactive κ24-dependent idiotype Asp → Gly change at 95 H ( Fig. 1 and Table 2 ) suggesting detected by antibody 28-6-20 (14) . Inasmuch as the that Gly at 95H may dictate the use of a κ1C L chain in remainder of the Xid PC-specific hybridomas were negative order to recover optimum PC binding. However, PC binding for both the T15 idiotype and M167 idiotypes, their H and still occurs in the 32-11-1 antibody, which has a V H 1 L chain genes were sequenced in order to elucidate how Asp95H joined with DFL16.1 and J H 1, whereas all the other their structure differed from the prototypic anti-PC antibodies antibodies expressing a κ1C L chain utilize different D and induced in normal mice. J H gene segments ( Fig. 1 and Table 2 ). The prototypic anti-PC myelomas, T15, M603 and M167, all utilize the V1 Variable region gene usage in hybridoma antibodies from gene in association with the D region, DFL16.1, and the J Xid mice region, J H 1, gene segments to produce their V region To determine the variant form of the V H 1 gene used in sequence (32), whereas this combination of H chain gene each of the Xid hybridomas and the L chain gene associated segments is present in only two of the 12 Xid hybridomas. with these H chains, total RNA was extracted from each
The majority of the Xid hybridomas use DSP2 or unknown hybridoma, the H and L chain mRNA was then converted D region gene segments in association with J H 2 or J H 4 to cDNA, amplified by PCR and sequenced. Table 2 joining gene segments to form the CDR3 region of the H summarizes the data on gene segment utilization in the chain. These CDR3 regions are not only highly variable in Xid hybridomas. The idiotype analysis described above sequence, but the length varies from 24 to 45 nucleotides predicted that all the EPC-KLH-induced anti-PC hybridomas ( Fig. 1 ). J κ 5, which encodes the PC-contact residue leucine from Xid mice would use the V H 1 gene segment and that at position 96L, is used in association with the prototypic two of the hybridomas, 27-7C3 and 31-34-2, would utilize κ22 and κ24 L chain V genes respectively. These predictions κ22, κ8 and κ24 V L gene segments of the T15, M603 and 
a V gene usage was assigned following alignment with germ-line genes using the program manual for the GCG package, version 8, September 1994.
b NI, not identifiable.
M167 myelomas respectively (32), whereas, J κ 5 is used in 31-4-2 is from a different fusion than hybridomas 32-15-1 and 32-17-1, and yet shares over half (nine of 17) of its mutations only three of the Xid hybridomas ( Fig. 2 and Table 2 ).
with these clones may indicate that these shared mutations Comparison of H chain DNA and amino acid sequences are being selected for during the hypermutation process. Hybridoma 31-34-2 makes the only other antibody with an H Using X-ray diffraction analysis, Padlan et al. (33, 34) identified the contact residues for PC in the M603 antibody. In the H chain exhibiting a mutation in a contact residue with a Trp → Gly at 100b (Fig. 1 ). This residue is not critical for PC binding chain, Tyr33, Glu35, Ala50, Arg52, Lys52b, Glu58, Asn95 and Trp100b are directly involved in hapten binding or in and has been lost in other PC-specific antibodies (32) . In the three Xid hybridomas using the prototypic κ22, κ8 and κ24 maintaining the structural integrity of the binding pocket. In addition, Chen et al. (35) have recently demonstrated critical L chains, hybridoma 31-34-2 is the only one exhibiting a change in the amino acids important for forming the choline roles for Ser51 and Asn52a of the H chain. In the prototypic L chains of PC-binding myelomas, Leu96 is the major hapten binding pocket. In this κ24 L chain, the choline contact residue Leu96 has been changed to a Phe due to V κ 24 joining contact residue with residues 91L to 95L playing an important role in maintaining the choline binding pocket. In the D16 with J κ 4 rather than J κ 5 (Fig. 2) . This change could account for the low affinity of this antibody for PC (see Table 1 ). antibody, which utilizes the V H 1 and κ1C L chain, this choline binding pocket is lost resulting in a shift in the location of PC Previous studies from our laboratory (15,18) have shown that the normally dominant T15 idiotype ϩ anti-PC antibodies within the binding site (35).
In the H chain of the hybridomas from EPC-KLH-immune are rarely produced in Xid mice. However, a single clone produced in fusion 27, hybridoma 27-7C3, was T15 idiotype ϩ , Xid mice, there are only a few mutations in the contact residues for PC, indicating that these residues are critical for expressed a κ22 L chain with no replacement mutations ( Fig.  2 ) and had two replacement mutations (44H Arg → Gly and maintaining PC binding. In hybridomas 31-4-2, 32-15-1 and 32-17-1, contact residues Glu35H and Glu58H have been 104H Gly → Arg) in the H chain framework regions (Fig. 1) , which may have caused this hybridoma to be a non-secretor. mutated to His and Asp respectively (Fig. 1) . In 31-4-2, Ser51H is mutated to Arg and in 31-34-2, Trp100b is mutated
The substitutions at 14H and 16H (Pro → Ser and Gly → Arg) ( Fig. 1 ) are allotypic changes found in the CBA/N background to Gly. In addition to these mutations, shared mutations are also found at positions 1, 53, 55, 61, 91 and 93 of the H which had not yet been completely removed via back crossing when this fusion was performed. chains of these three hybridomas. The fact that hybridoma Statistical analysis suggests that changes within the CDR do 11-1 exhibited P Ͻ 0.05 (0.044 and 0.031 respectively). With only four or less observed total mutations in either of these not reflect antigen-driven selection two V L genes, it is difficult to make a case for antigen-driven Antigen-driven affinity maturation for PC itself has not been affinity maturation on the basis of these statistical data. In the seen in anti-PC antibodies from normal mice. In fact, the H chain CDRs of hybridomas 31-4-2, 32-15-1 and 32-17-1 highly protective germline T15 idiotype ϩ antibodies, which and the L chain CDRs of 24.1B10 and 32-6-2, there is a large dominate the immune response to PC in normal mice (6,7,36), number of R mutations which suggests that these antibodies exhibit a decrease in affinity upon somatic mutation (35, 37) .
are undergoing antigen-driven selection; however, in every Higher affinity antibodies appear to develop via mutations case except that of 32-6-2, there is an equivalent or higher that generate increased affinity for the chemical moieties number of R mutations in the FRMWK regions. Although the linking PC to the carrier molecule (38) (39) (40) . To elucidate CDR and FRMWK mutations could be structurally linked in whether the EPC-induced anti-PC antibodies from Xid mice adapting the binding site to the linker or carrier epitopes, the were undergoing affinity maturation, we used the binomial high frequency of R-type mutations in the FRMWK regions probability model described by Shlomchik et al. (29) to statistically negates the potential significance of the R-type determine whether the number of R mutations in the CDR mutations in the CDRs. was significantly higher than the number expected randomly. The number of mutations observed in the H and L genes, Passive protection to challenge with S. pneumoniae their location, and whether they were R or S is listed in Table 3 . The observed R/S ratios of 3.1/1 and 2.8/1 for all H and L We have previously demonstrated that Xid mice can be protected from a lethal challenge of S. pneumoniae following chains respectively is approximately equal to the value of 2.9/ 1 expected for random mutations (29) . However, analysis of immunization with EPC-KLH, which induces predominantly T15 idiotype -anti-PC antibodies, but not with DPPC-KLH both the H and L chain CDR suggests that antigen-driven selection may be occurring since the R/S ratio in these regions (15,16), which induces antibodies having high affinity for PPC (39). It was of interest to determine which of the variant forms is 4.3/1 and 8.8/1 respectively. Antigen-driven selection within the Gly95H variants is also indicated by the fact that seven of the Xid anti-PC hybridomas sequenced above was capable of protecting Xid mice in order to understand how changes of the eight proteins have an Asn to Gln or Tyr mutation at hypervariable position 53H, an Ala to Thr or Glu at hypervariin the structure of the binding site correlate with protection. Five to 10 mice per group were injected i.p. with 100 µg of able position 61H, and five of these proteins have an Arg to Val mutation at positions 83H in the third framework region.
individual Xid anti-PC antibody and S. pneumoniae, strain WU-2, at concentrations ranging from 10 1 to 10 4 . Representative However, our statistical analysis demonstrated that only the κ8 L chain of hybridoma 31-23-1 and the κ1C L chain of 32-survival curves are shown in Fig. 3 and the LD 50 for each Table 3 . Somatic mutation in PC-specific antibodies from Xid mice b For V L , mutations were counted from codon 1 to 108 excluding position 95; total differences including junctional region are given in parentheses.
c R versus S mutations in the H and L chains respectively. d Ratio: mean value of R/S. antibody is shown in Table 1 . The single T15 idiotype ϩ hybridomas using the hapten-induced fluorescence quenching method of Glaudemans and Jolly (25) . Only the two hybridoma 27-7C3 (Asp95H) was a non-producer, and therefore, could not be tested for protection. However, T15
protective antibodies, 31-23-1 and 31-34-2, exhibited sufficient changes in fluorescence to permit affinity determinations. idiotype ϩ PC-specific antibodies are known to be highly protective against infection with S. pneumoniae (41) but are
The remainder of the proteins either had K a s too low to measure or did not exhibit either fluorescence quenching or not readily induced in Xid mice (18) . Hybridoma 31-23-1 (Asn95H) had an LD 50 of Ͼ10 4 (16) ( Table 1 ) and was as enhancement upon hapten binding. The K a of antibody 31-23-1 was 6.5ϫ10 5 M -1 and antibody 31-34-2 had a K a of effective as the T15 idiotype ϩ γ1 control antibody, PC2-γ1 (42) (Fig. 3A versus E) . Hybridoma 31-34-2 (Asp95H-Ala96H)
1.1ϫ10 5 M -1 as compared to 8ϫ10 5 M -1 for the T15 idiotype positive antibody, H8 (Table 1 ). The value we obtained for H8 provided at least 70% protection against challenge with Ͼ1000 bacteria (Fig. 3B) , whereas, the dominant Gly95H:κ1C is~2-fold higher than previously published K a s for this anti-PC antibody (32) . variants exhibited either no protection or Ͻ50% protection against as few as 250 bacteria.
Inasmuch as all the Xid antibodies sequenced above bind to EPC-BSA coated plates, we directly evaluated their relative Affinity analysis of Xid anti-PC antibodies affinity for PC by determining the concentration of PC-hapten required to give 50% inhibition (I 50 ) of binding. The T15 To determine whether changes in affinity for PC were responsible for the lack of protection against S. pneumoniae seen in idiotype ϩ γ1 and γ2a antibodies from hybridomas HPCG-14 (43) and PCG2a-2, which were used as controls, exhibited the Gly95H variants and the lower protection seen with the Asp95H-Ala96H variant (clone 31-34-2), we attempted to I 50 values of 1.1 and 1.5ϫ10 -6 M respectively. As shown in Table 1 , all the anti-PC hybridomas from Xid mice required measure affinity constants for each of the Xid anti-PC from 2ϫ10 -6 to Ͼ10 -2 M PC to obtain 50% inhibition. Thus, for PC than the two protective antibodies 31-23-1 and 31-34-2. This would suggest that relative affinity for PC does not the best of these antibodies, 1B8E5, is at least 2-fold lower in relative affinity for PC than the prototypic T15 antibodies directly correlate with protection. Chen et al. (35) have recently shown that the orientation of PC in the binding site of the and many of these Xid antibodies are almost not inhibitable by free PC in spite of the fact that they were isolated from Gly95H:κ1C antibody D16 is altered when compared to prototypic T15 and M603 anti-PC antibodies. Thus, the fact NPPC-Sepharose by elution with 10 -2 M PC. It was possible that the EPC-KLH, which has no phenyl ring in the haptenthat none of these κ1C anti-PC antibodies provided efficient protection against S. pneumoniae could be due to the failure protein linker, could induce antibodies that are heteroclitic with respect to NPPC. This possibility was tested by inhibiting of these antibodies to bind the form of PC present on the Cpolysaccharide of S. pneumoniae. the binding of the anti-PC antibodies to EPC-BSA with NPPC and calculating the ratio of I 50 , NPPC/PC. The data in Table  Protection correlates with antibody binding to virulent bacteria 1 show that all the antibodies containing the 95H Gly variant of the V H 1 H chain except 1B8E5 were indeed heteroclitic;
In an attempt to correlate protection against S. pneumoniae with binding to the bacterial PC, we measured the binding thus, their binding to EPC-BSA was inhibited with a lower concentration of NPPC than PC. Only three antibodies (31- ability of each of the Xid anti-PC hybridoma antibodies to S. pneumoniae in the presence and absence of 10 -2 M PC. The 23-1, 31-34-2 and 1B8E5) exhibited an equal or higher relative affinity for PC compared to NPPC. The T15 idiotype ϩ controls binding index for each of the Xid hybridoma antibodies to the virulent WU-2 strain of bacteria is given in Table 1 . These also exhibited at least 20-fold higher relative affinity for PC than NPPC (legend Table 1 ). Interestingly, 1B8E5, which was data show that the two hybridoma antibodies that provide good passive protection, 31-23-1 and 31-34-2, are the only non-protective, appears to have a 7-fold higher relative affinity antibodies showing a high intensity of binding to S. pneumonprototypic M603-like (Asn95H:κ8L) and M167-like (Asp95H-Ala96H) antibodies, which have K a 's for PC-hapten less than iae. Thus, these two antibodies exhibit a binding index that is Ͼ50-fold higher than the isotype-matched, non-binding that of known T15 idiotype antibodies (32), can, however, bind to and provide protection against a virulent strain of S. control, whereas, hybridoma antibodies such as 1B8E5 or 32-15-1 that give low or no protection exhibited binding pneumoniae. This observation appears to contrast with those of Briles et al. (41, 44) , who have shown that T15 idiotype ϩ indexes of Ͻ20. The binding of all proteins with an index of Ͼ10 was PC-inhibitable (data not shown).
antibodies provide protection against 10 8 S. pneumoniae while M603-like and M511/M167-like antibodies at the same concentration provided protection against less than 10 2 bacDiscussion teria. More than 100 µg of the M603-like and M511-like antibodies was required to protect 50% of Xid mice (44). The data presented in this paper demonstrate the importance of V-D junctional mutations in determining which anti-PC Because a limited number of M603-like and M167-like antibodies have been tested in passive transfer studies, it is possible antibodies will bind to the form of PC expressed on S. pneumoniae and protect against infection with this bacteria.
that the unique V-D junctions found in hybridomas 31-23-1 and 32-34-2 (Table 2 ) may be related to their protective Immunization with EPC-KLH induces a variety of PC-specific antibodies in Xid mice that include both prototypic T15, abilities. The low-affinity heteroclitic antibodies that dominate among the EPC-KLH-induced hybridomas are very similar to M603-like and M167-like antibodies, and low-affinity anti-PC antibodies that exhibit heteroclitic binding for NPPC. The the 1B8E5 antibody, which we previously described (21) , and to the D16 hybridoma recently described by Chen et al. (35) . antibodies also use both λ1 and λ3 L chains in addition to κ1A, κ1C and κ24 L chains (39,46). The only reported group Thus, all these antibodies utilize the same V H 1 gene as the prototypic PC-specific antibodies, but an Asp → Gly mutation I, PC-specific antibody expressing a λ L chain came from a wild mouse (47) and this antibody used the V11 gene of the is found at 95H in eight of the 11 T15 idiotype -hybridomas and this mutation appears to be associated with the use of S107 family rather than the V1 gene. The data presented above are consistent with the hypothe κ1C L chain to achieve optimum PC binding. Antibodies expressing V H 1 Gly95H:κ1C exhibit a binding site in which thesis that PC-specific B cells must be rescued from the bone marrow of Xid mice via cognate interactions with T helper the bound choline moiety of PC is shifted toward V H CDR3, more shallowly located than in T15 antibodies, and no longer cells. Klinman and Stone (48) have demonstrated that PCspecific B cells were absent in the spleens of Xid mice but electrostatically stabilized (35). These alterations change the orientation of PC in the binding site of κ1C antibodies so that could be rescued from the bone marrow by transfering sIgbone marrow cells into carrier primed recipients. In Xid µκ the PC on S. pneumoniae is no longer efficiently recognized and little or no protection is provided. In the κ1C L chain anti-PC transgenic mice, PC-specific B cells develop normally in the bone marrow (13) where they presumably encounter hybridoma 32-11-1 the germline Asp at 95H has not been mutated to Gly, thus, the Gly at 95H does not appear to be an autoantigen or environmental antigen and are clonally deleted. These PC-specific bone marrow cells can be rescued mandatory to get κ1C usage in anti-PC antibodies, but may help to generate a higher affinity antibody. This is similar to by over expression of bcl-2, which appears to prevent this receptor-mediated apoptosis (49). Using SP6 H ϩ L transthe situation with the Asp → Asn mutation at 95H, which dictates the use of κ8 L chain for optimum PC binding (24, 30) , genic mice crossed onto the background of the Rag-2T knockout, Andersson et al. (50) have also shown that autoreacalthough Asp95H and κ8 will also produce a low-affinity PC-specific antibody (24, 43 ). Because we were unable to tive immature bone marrow B cells, which recognize doublestranded DNA, can be rescued from clonal deletion by measure the actual affinity for PC of any of the κ1C antibodies, we cannot say how 32-11-1 compares to the other κ1C immunization with the cross-reactive TI-2 antigen, TNP-Ficoll. The T cell-mediated rescue of the PC response following antibodies; however, its relative binding based on inhibition with PC and NPPC is not greatly different (Table 1) . It would EPC-KLH immunization of Xid mice is clearly a situation where the T15 idiotype does not dominate the immune response to be of interest to know whether the Gly at 95H is generated by N region diversification or by hypermutation in the germinal PC as it does in virtually every strain of normal mouse. The ontogeny of the anti-PC response in BALB/c mice (51) centers. We favor the idea that this Asp → Gly change at 95H represents an N region mutation since the three Gly95H
indicates that T15 establishes its clonal dominance in early neonatal development via antigen-driven expansion into the variants from fusion 24 appear to use the DSP 2.6 D region and the Gly codon or the GT nucleotides required to produce long-lived self renewing CD5 ϩ B-cell subset (52) . The V-D and D-J junctions of T15 are germline encoded, which Gly95 are not present in the required 5Ј position of this D region sequence. Furthermore, there were no Gly95H variants suggests that these early progenitors may be of fetal liver origin where terminal deoxynucleotide transferase (TdT) is found in the 40 V H 1 sequences from PC-KLH-induced µδ negative B cells derived from T15i knockin mice by Taki et al.
not active. The N region mutations seen in most of the hybridomas from Xid mice clearly indicate that these clones (45). Having Gly at 95H seems to result in a different set of antigen-driven, common mutations than those seen in the 32-are derived from bone marrow progenitors where TdT is active during H chain rearrangement. Once TdT is activated 11-1 κ1C antibody, which expresses Asp rather than Gly at 95H. Thus, seven of the eight Gly95H variants, from three and the junctions altered, the T15 Asp95H variant will no longer be the predominant H chain generated. In the Xid different fusions, exhibit an Asn to Gln or Tyr mutation at hypervariable position 53H, an Ala to Thr or Glu at hypervarimice where PC-specific B cells are either clonally deleted or at least not antigen-selected into the periphery, T15 has able position 61H and five of these proteins have a Arg to Val mutation at positions 83H in the third framework region. The no obvious advantage over other PC-specific antibodies. Furthermore, T15 may be at a disadvantage once hypermutAsn to Gln or Tyr mutations at 53H and the Ala to Thr mutation at 61H have also been seen in the V H 1:Vκ1-C, NPPC-specific ation starts in the germinal centers in that many mutations result in the loss of PC binding (35,37) and in prevention of antibodies described by Stenzel-Poore and Rittenberg (46) .
The analysis of EPC-KLH-induced hybridomas demonantibody secretion from the B cell (53). Thus, mutations in the second CDR of T15H were shown to result in loss of strates that the response to this PC antigen is much more limited in terms of H and L chain usage than the memory secretion (54) and the 27-7C3 antibody is an example where a mutation in the framework region may also results in loss response to NPPC-conjugated KLH (39). Seven different H chains from five V H gene families are utilized in the response of secretion. The fact that the heteroclitic Gly95H variants dominate the to PPC-KLH, whereas all the antibodies from EPC-KLHimmune mice, including those with heteroclitic binding for response to PC in Xid mice might indicate that this set of lowaffinity heteroclitic clones may not be clonally deleted in the NPPC, use a single H chain, V H 1. The contact residues in this H chain are vital for PC binding and few mutations are bone marrow as the prototypic anti-PC B cells appear to be. None of these low-affinity κ1C anti-PC antibodies were able tolerated even in the D16 antibody, which Chen et al. (35) have shown undergoes affinity maturation to PPC. It is therefore of to provide high levels of protection against S. pneumoniae in a passive protection assay. The failure to protect correlates interest that three of the Xid hybridomas (31-4-2, 32-15-1 and 32-17-1) have mutations in four of these contact residues with the fact that the κ1C antibodies bind PC very poorly in the context of the bacterial C-carbohydrate, even though without loss of binding to EPC-BSA. Group II NPPC-specific 
